Our understanding of postharvest needle abscission physiology in conifers has greatly improved in the last decade. Abscission is initially triggered by root detachment, which begins a cascade of changes such as decreased water uptake, water potential, and auxins and increased membrane injury, ethylene, abscisic acid, volatile terpenes, and catalytic enzymes. Needle abscission is also affected by environmental factors. For example, a period of cold acclimation generally delays postharvest abscission. The aforementioned pieces of evidence, along with previous studies, strongly points to a role for plant lipids and fatty acids. Studies from other species have pointed out key roles in abscission and stress responses for a variety of phospholipids and galactolipids, which has not been studied in balsam fir. It is imperative to have an understanding of the role of plant lipids and fatty acids to further our overall understanding of the physiological mechanisms of postharvest abscission and needle abscission resistance. This review is an overview of membrane lipids and fatty acids, changes that occur postharvest and the interaction that lipids may have in the phenomenon of postharvest abscission. alter cell membrane structure and composition.
Introduction
Unlike animals, plants are unable to move from adverse environments and lack sense organs such as eyes and ears. Plants sense stimuli from their environment through disturbances or changes in membranes. Biotic and abiotic stressors can dle lamella of the cell wall is dissolved by wall degrading enzymes, such as cellulase and pectinase, which forms a fracture plane. These diverse hydrolytic enzymes orchestrate abscission and seal the AZ cell walls on the remaining part of the plant [17] [18] . AZ was recently identified in balsam fir and was speculated to function in a similar manner [19] , where prolonged exposure to ethylene activates the hydrolytic enzyme cellulase, which weakens the cell walls and causes abscission [5] .
Abscission, in general, is regulated by environmental as well as developmental cues. For example, cold acclimation increases abscisic acid (ABA) and certain sugars in conifers, which tends to delay postharvest needle abscission [20] . It has been shown that cold acclimation is triggered through environmental signals of both decreasing temperature and photoperiod [21] . The cells of the AZ are able to respond to certain signals and abscission may be activated in times of stress mediated by hormones. To date, the only hormone conclusively found to induce abscission in balsam fir is ethylene [22] . Ethylene evolution is increased prior to abscission and abscission is delayed with the application of ethylene inhibitors, such as aminoethoxyvinylglycine or 1-methylcyclopropene [5] [22] . Other growth regulators that may be related to abscission are ABA, abscisic acid; AUX, auxins; JA, jasmonic acid; PA, polyamines; BR, brassinosteroids; cytokinins; and GA, gibberellins [6] . Signals from hormones potentially lead to the activation of genes promoting AZ separation, but FA and lipids may also be involved either before or after hormone production [13] [23] , but the information is lacking. The complete mechanisms that regulate abscission and the potential role of FA signaling remains largely unknown.
Types of Lipids
In plants, there are 3 main classes of membrane lipids; glycerolipids, sphingolipids, and sterols [24] [25] . Glycerolipids consist of 4 main groups: galactolipids (GL), phospholipids (PL), triacylglycerols; and sulfolipids (SL) [24] . In leaves, the glycerolipids studied in relation to membrane damage are primarily GL and PL, thus are the focus of this review. It should be noted however that knowledge is increasing in the area of cuticular lipids and sphingolipids and their role in adaptation to stress, but they are not included in this review [26] . GL, are associated mostly with the chloroplast membranes, and PL is a constituent of other membranes of the cell, particularly the plasma membrane [8] [27] .
Lipid nomenclature has been reviewed and universally accepted in 2005, updated once more in 2009, to meet the growing field of lipidomics [25] . To understand glycerolipid composition and their role in the signaling processes, there have been notable changes to the naming and abbreviating of lipid classes and species, of which, there are 3009 categories listed in the LIPID MAPS database [25] . This review will be using the updated names and abbreviations.
Galactolipids
Monogalactosyldiacylglycerol (MGDG) and digalactosyldiacylglycerol (DGDG) American Journal of Plant Sciences ( Figure 1 ) are both GLs found in the chloroplast membranes, are the most abundant glycerolipids in leaves, and major sources of PUFA [8] [28] . These lipids have one or two galactosyl head groups, and contain no phosphate [24] [29]. MGDG is abundant in the thylakoids and the inner chloroplast membrane, whereas DGDG is more abundant in the outer membrane. MGDG is confined to the chloroplast, whereas DGDG is sometimes found in the plasma membrane, and tends to replace PL in times of phosphate starvation [30] . GL are speculated to be important for photosynthesis, and often they are one of the first organelles to be damaged in times of stress resulting in photoinactivation [31] . Chloroplast remodeling of MGDG and DGD occurs in stressful situation such as water deprivation [31] [32]. Phospholipids showing phosphatidylcholine structure. All phospholipids have the same basic structure with different head groups instead of choline and varied fatty acids. Sn 1, 2, and 3 positions are marked [102] . American Journal of Plant Sciences their order of abundance: 1) PC, phosphatidylcholine, 2) PE, phoshatidylethanolamine, 3) PG, phosphatidylglycerol, and 4) PS, phosphatidylserine [33] . Signaling PL have been identified as, 1) PA, 2) DGPP, diacylglycerolpyrrophosphate, 3) lysoPA, lysophophatidic acid, and 4) PI, phosphoinositol, including phosphoinositol polyphosphates (phosphorylated derivatives of PI). Phosphorylated derivatives of PI are named according to number and position of phosphate groups, such as PIP, phosphatidylinositol monophosphate, PIP 2 , phosphatidylinositol bisphosphate, and IP 3 , inositol triphosphate [33] [34] [35] [36] .
Phospholipids
Classes are determined by the head group of the PL, but species are determined by the FA composing the tails of the particular class of PL. The composition of the tail groups is specific to various organelles and thought to be related to function [37] [38].
Fatty Acids
Plant cells typically contain 5% -10% lipids, primarily in the cellular membranes, with 40% -50% of these found in the chloroplast [39] . Lipids are FA and their derivatives, FA being organic compounds synthesized by the condensation of malonyl coenzyme-A units by FA synthase in the plastids. FA make up the acyl chains or "tails" of all glycerolipids, and are either saturated or unsaturated, having no double bonds or at least one double bond, respectively. FA are dynamic molecules, can vary in the degree of unsaturation, and saturated FA can become unsaturated through the action of desaturase enzymes controlled by fatty acid desaturase genes [40] . If FA contain more than one double bond, they are called polyunsaturated FA (PUFA). Those with one double bond are monounsaturated fatty acids (MUFA). Five FA make up over 90% of the acyl chains in plant glycerolipids: 18:1n9, oleic acid; 18:2n6; linoleic acid; 18:3n3, α-linolenic acid; 16:0, palmitic; 16:3n3, hexadecatrienoic acid [40] . Free FAs are found in very small amounts in plant cells, but can be hydrolyzed from lipids in all membranes [39] .
FA structure is known to change with varying environmental conditions, and composition is important in determining the ability of plants to respond to stresses [24] [41] . Under certain conditions, such as cold temperature, the majority of all FA are made up of PUFA, 18:3n3 [24] . A shift towards unsaturated FAs is thought to help maintain membrane fluidity and lower the required temperature for membrane phase changes [42] . Consistent shifts in FAs in response to cold were reported in many different conifer species [43] .
Fatty Acid and Lipid Synthesis
FA are necessary for production of cellular lipids. FA synthesis starts with Acetyl Co-enzyme A (Acetyl Co-A), a product of the citric acid cycle. It is the direct precursor for the methyl end of the FA. Synthesis starts with the carboxylation of acetyl Co-A into malonyl Co-A utilizing acetyl Co-A carboxylase. Malonyl Co-A is, in turn, acted on to produce saturated fatty acids palmitate and stearate, the American Journal of Plant Sciences latter being more common in plants. These saturated FA can be further elongated and desaturated to form specific mono-and polyunsaturated FA ( Figure   3 ).
Lipids are synthesized in the chloroplast and the endoplasmic reticulum (ER), via prokaryotic and eukaryotic pathways, respectively [31] [44] . The prokaryotic pathway results in16-C FA in the sn-2 position, whereas the prokaryotic pathway results in a lipid containing an 18-carbon FA in the sn-2 position. It is not known which pathway the balsam fir uses. However, in all cells, lipid trafficking is required to distribute lipids to all parts of the cell, including the cuticle. A disruption in any or all functional membranes can interfere with synthesis and distribution of lipids [31] [45] . Maintaining healthy chloroplast membranes is important for balsam fir postharvest for both photosynthesis and lipid synthesis [31] . Lipid synthesis begins in the chloroplast-firstly incorporating FA into galactolipids, MGDG and DGDG, and PG, the main PL in the thylakoid and inner chloroplast membrane. The FA in the sn-2 position varies depending on the pathway utilized. In addition to chloroplast lipid biosynthesis, there is a huge flux of FA to the endoplasmic reticulum for processing into other PL, which in turn are transported to the plasma membrane and other intracellular organelle membranes.
Physiological Changes Occurring during Abscission in Balsam Firpostharvest
Many biophysical and hormonal changes have been monitored in postharvest balsam fir [6] . There was a decrease in postharvest water usage, xylem pressure potential, relative water content, capacitance, needle break strength, chlorophyll index, andidoleacetic acid (IAA). On the other hand, there was an increase in needle loss, membrane injury index (MII), ABA, and CKs. Decreases in water use, xylem pressure potential, relative water content, and capacitance combined with increases in MII and ABA are consistent with water deficit stress and dehydration [6] . Decrease in IAA is related to increasing sensitivity to ethylene, Figure 3 . Summary of fatty acid synthesis resulting in unsaturated, saturated and unusual fatty acids.
whereas the decrease in break strength is linked to cell wall breakdown and abscission [22] [46] . Prior research has identified prolonged exposure to ethylene as a mediator of abscission in balsam fir postharvest [47] , while [6] additionally suggest key roles for ABA, IAA, and CK, in postharvest needle abscission. Another biophysical change of great interest is needle retention related to clonal variations and cold acclimation. Cold acclimation data is important to Christmas tree producers in planning their harvest date. In addition, trees are being harvested earlier to meet export demands, which results in poorer needle retention postharvest. There are significant differences between in needle retention duration (NRD) between balsam fir genotypes. Low NRD genotypes would abscise needles in less than 20 days while high NRD genotypes would not abscise needles until after 40 days [20] . It was found high needle retaining genotypes changed very little from September to January in needle retention, whereas low needle retaining genotypes had increased needle retenton [20] . Many studies have been published on cold acclimation for other plant species, and it has been shown that lipid and FA composition has a great impact on the ability to survive at cold temperatures [48] [49] [50] . The degree of unsaturation of the needles also could be related to needle retention postharvest in balsam fir.
Roles of Glycerolipids and Fatty Acids in Stress Responses
GL and PL play essential roles as mitigators of stress. As stated previously, membrane integrity is important to the survival of the cell. Membranes are very dynamic, and can change due to external cues such as abiotic stresses. In addition, they can be reservoirs for biologically active lipids [51] . Photosynthetic membranes are particularly sensitive to environmental cues, and have a high degree of plasticity to prevent photoinactivation, which can lead to cell damage [24] . Reactive oxygen species (ROS), such as H 2 O 2 , • OH, and O 2
•− , are now thought to be the primary cause of cell damage during stress, and could be related to balsam fir needle abscission and/or senescence postharvest [52] . Normal aerobic processes in the cell generate ROS, via the enzyme NADPH oxidase, nicotinamide adenine dinucleotide phosphate-oxidase oxidase, whereas antioxidant defense systems scavenge ROS and maintain them at non-damaging levels [53] [54] . Successful activation of antioxidant enzymes, such as catalase or superoxide dismutase (SOD), will produce enough antioxidants to keep ROS in check. However, there can be an oxidative burst caused by abundance of respiratory burst homologs, NADP oxidases, related to a change to beta oxidation in the cell during stress [54] . This upsets the delicate ROS/antioxidant balance creating oxidative stress, resulting in lipid degradation, and damaging the cellular membranes [55] . This is linked to loss of membrane integrity, which has been found to correlate with abscission in and senescence in balsam postharvest [6] . It is possible that certain clones of balsam fir postharvest can more efficiently scavenge ROS due to their membrane FA composition and structure than others. FAs are critical in preventing damage by ROS, thus preventing membrane leakage leading to cell senescence, and possibly abscission. As previously stated, American Journal of Plant Sciences are the most common arrangement found in GL and PL [56] . Increased fluidity of membranes is related to increased desaturation of membrane lipids, and often a desaturase enzyme will be activated in times of stress to preserve fluidity [57] .
One of the best-known examples of compositional changes in FA and lipids is the unsaturation of glycerolipid. Increases of unsaturated FA in cellular membranes, both at the beginning and along the acclimation period are important for increased cold sensitivity [50] . This maintains proper membrane fluidity, stability of the chloroplast membranes, and ROS scavenging ability. There is an increase in unsaturated versus saturated FA during cold acclimation. It is thought that CKs may play a role in increasing membrane desaturation and the ability to deal with drought stress [58] [59] .
It is also thought that CK triggers more DGDG production, decreasing the MGDG: DGDG ratio in the cell. Under non-stressful conditions, MGDG makes up 50% of chloroplast membrane lipids, as opposed to 20% by DGDG. MGDG form a single layer of lipids which are important efficiency of the thylakoid membranes. DGDG form a bilayer and can create greater stability for the chloroplast during stress. MGDG is converted into DGDG during low temperature stress or drought stress, which results in more bilayer lipids in the chloroplast providing greater stability [58] [60] .
The fact that CK is thought to trigger these adaptations during stress does not explain the doubling of CK seen during abscission in balsam fir [6] . This finding in balsam fir contradicts previous studies in which CK are thought to be able to negate the effects of water stress since they are thought to be antagonistic to ABA [61] . However, various CKs may have varying effects on the cell, and sometimes exogenous applications, used in most studies, may produce a different result than endogenous formation CKs have been found to have hierarchal distribution and local effect in other conifer species with terminal parts of a branch having twice as much as lateral parts of a branch [62] .
Cold acclimation changes in other plants can possibly shed light on clonal differences previously mentioned in postharvest balsam fir in high and low NRD clones. Prior to cold acclimation, high NRD clones may have more unsaturated FA in their membranes than low NRD clones, making them a better choice for earlier harvest. Their membranes are more fluid and they can effectively scavenge ROS for longer. In addition, these high NRD clones, if indeed this is true, would have an abundance of precursor molecules for jasmonic acid (JA) production, which is known to enhance stress tolerance [63] [64] . If stress prolongs, lipid biosynthesis may not be able to keep up with replacing the degraded membrane lipids or the products of lipid degradation or ROS may become cytotoxic, and finally the branches succumb to the stress by abscising needles. High NRD clones may not change much during cold acclimation, whereas low NRD clones could last longer after acclimation due to greater desaturation of their mem-brane lipids than previously, now having the benefits that the high NRD clones had earlier in the season. If this is so, there should be a greater increase in unsaturation before and after cold acclimation in low NRD clones than in high NRD clones. In low NRD clones, it is possible that the presence of fewer unsaturated FA in the lipid bilayer may be present than in high NRD clones before cold acclimation occurs. This may affect membrane integrity postharvest for trees harvested at that time. As cold acclimation occurs, the low NRD clones may undergo more desaturation than the high NRD clones, stabilizing the membranes of the low NRD clones and resulting in better needle retention postharvest. From previous studies, there is better membrane integrity in high NRD clones before cold acclimation, or as speculated in Lada and MacDonald 2015, perhaps high NRD clones have greater temperature sensitivity and start the cold acclimation process earlier.
Signal Transduction and Phospholipases
Plasma membrane lipids are the first to receive environmental stimuli or stimuli from a neighboring cell [65] [66] . Hormones react with receptors on the surface of the cell, initiating a signaling cascade, often referred to as a signal transduction pathway that will produce precursor lipids, their effector enzymes, as well as the resulting breakdown products [24] [37] [67] . These messengers stimulate a response or amplify the signal to help increase stress tolerance, or help the plant adapt to their new environment. Signaling involves interactions and crosstalk between lipids and phytohormones, ROS, Ca 2+ , enzymes, and transcription factors [12] [68] . When a fir tree is cut, it initially responds to wounding stress and later on to dehydration stress. These two stimuli may bring about different responses, and in addition responses will vary due to the speed of imposition, degree of stress, and interaction with other chemicals [69] [70] [71] . Inherently, there will be responses at the cellular level related to survival, which may inhibit growth, initiate abscission of some plant parts to preserve the rest, or result in cell death [71] .
Lipid signaling pathways are complex, interrelated, and involve numerous enzymes. Phospholipases are key ubiquitous enzymes related to stress response, and lipid and FA signaling [72] . Three main types of this enzyme classes cleave PL in different locations. The major phospholipases are PLA, phospholipase A, PLC, and PLD. PLA hydrolyzes membrane PL into corresponding lysoPLs, such as lysoPC, and FFA [73] . These FA can act as precursors for oxylipin biosynthesis, or FA can be signaling molecules in their own right. For instance, oleic acid has been known to stimulate phospholipase enzymes that cleave PL during stress. The second messengers, lysoPLs, can activate H-ATPase in the tonoplast, causing acidification of the cytoplasm, a known stress response. PLC activates the IP 3 pathway, and collaborates with another enzyme, DGK, diglycerol kinase, to activate the DAG, diacylglycerol, pathway. DAG is further transformed into another second messenger, PA. PLD hydrolyzes PL resulting directly in the formation of PA via a different pathway [74] [75] . There is very little research done on gymnosperm lipid signaling, but due to the ubiquitous nature of these phospholipases, it is likely they are involved in balsam fir signaling abscission postharvest.
Inositol Polyphosphates and Signaling
PI and its many phosphorylated isomers have the ability to permeate both hydrophobic and hydrophilic environments, making them perfect signaling molecules [45] . The IP 3 and DAG signal transduction pathways are most well-known pathways in plants. A transient increase in PIP 2 , the initiator of this pathway in the cell membrane in response to stress has been well documented [24] . PIP 2 is the precursor molecule for both IP 3 and DAG, which are both secondary messengers in the cell. A signaling molecule, potentially a hormone, binds to the receptor in the plasma membrane. These receptors have a wide array of ligands and are associated with g-proteins. An activated g-protein in turn activates PLC.
PLC cleaves PIP 2 , which is in the plasma membrane, into IP 3 and DAG. After this cleavage, two distinct downstream pathways are activated, referred to as the IP 3 pathway and the DAG pathway [24] . IP 3 binds to receptors on the endoplasmic reticulum (ER) of the cell and mobilizes Ca 2+ , calcium, from the ER into the cytosol. Ca 2+ is also considered a second messenger. IP 3 has been implicated in ABA expression and stomatal closure, which we know occurs in balsam fir postharvest [65] [76].
PA and Signaling
PA is emerging as a very versatile second messenger in the cell [38] [75] [77] . PA is a stress signaling molecule in plants playing a role in degradation, signaling, and lipid turnover. PA is produced via 1) de novo PL bio-acylation of lysoPA, 2) PLD hydrolysis of PL, and 3) the DAKP pathway mentioned in the last section.
Using the DAKP pathway, PIP 2 is a critical cofactor for PLD, and profoundly affects the activity of PLD [78] . There have been many links made between PA and/or its catalyzing enzymes to biophysical and phytohormonal changes in the cell [34] . PLD and PA are linked to wounding and drought stresses, the two identified stresses that balsam fir have to deal with postharvest. However, no work on PA signalling has been conducted in balsam fir or related conifers.
Oxylipins and Signaling
Oxylipins are oxidized lipids, the most commonly known oxylipin being JA. JA is rapidly emerging as an important lipid-based signaling molecule in plants, related to many stress responses [71] [79] . JA synthesis originates from PUFA, 18:3n3 and 16:3n3, primarily found in the chloroplast membranes, repl enished as needed. When stress is detected in the cell, these FA are converted into 13-hydroperoxylinolenic acid by LOX, lipoxygenase. This, in turn, is a substrate for allene oxide synthase and allene oxide cyclase resulting in the formation of 12-oxo-phytodienoic acid. JA is formed after reduction and three steps of oxida- JA induces or promotes ethylene synthesis in many species postharvest [33] [80] [81] . In Zea mays, induced JA levels resulted in maximal ethylene levels 8 -16 hours later [82] . In addition, JA and ethylene were found to work together to elicit a stress response in tobacco plants [83] . JA promoted ethylene in several conifers as well, though studies tend to focus on the role of JA in conifer defense [84] . The role of JA in balsam fir specifically has never been studied, though it was speculated that JA should be involved due to the mechanical wounding of harvested trees and changes in volatile terpenes [10] .
Possible Interactions between Signaling Molecules and Other Cell Molecules
There is a multitude of findings about signaling lipids, ROS, Ca 2+ , and phytohormones and their role during stress, but not many researchers look at all the components in one study. Consistently, ethylene and ABA have been identified as phytohormones related to abscission in balsam fir postharvest, as well as other plants [6] [22] [85] [86] . A low concentration of ethylene has been found to delay abscission, whereas a high concentration induces abscission [47] . Interestingly, the same relationship exists between ABA and abscission, suggesting a linkage between the two [76] . These results concur with research by [62] on abscission and senescence in poplar trees. In both, ABA delayed abscission in drought resistant genotypes, and promoted abscission in drought sensitive types, which emphasized clonal variationsin balsam fir postharvest. Possible interactions between signaling molecules are described below and all presented in Figure 4 . PA has been implicated in signaling pathways related to ABA and ethylene, and can be suggested as a potential link between the two [63] [71] . ABA stimulates PLDα1, which in turn stimulates PA production from PL, and subsequently leads to endogenous ethylene production, making a connection between ABA, PA, and ethylene production [87] [88] . In addition, an increase in ABA in water-stressed plants promoted synthesis of the precursor for ethylene, ACC, 1-amino cyclopropane-1-carboxylic acid [88] . With regards to senescence, independent action of ABA and ethylene has been suggested [89] , but the relationship between these two hormones leading up to abscission in balsam fir postharvest is unknown. We do know they both increase in concentration postharvest in balsam fir. ABA might hold an upstream pathway and synergistic role with ethylene to induce abscission in root-detached balsam fir [76] . PA then may hold a regulatory role in synthesis or effect of ABA [90] .
Recent studies have shown that drought related stress responses are mediated by ROS, in particular H 2 O 2 [91] [92] . Protein kinase C activated by Ca 2+ and DAG facilitates assembly and activation of NADPH oxidase on the outer membrane, which generates ROS [55] . ROS resulted in a burst of ethylene with a subsequent decrease in catalase, SOD, and ROS scavengers [93] . It has also been shown that PLDα1 and PA are involved in ROS production. Depletion of PLDα1 in Arabidopsis lessens the ROS production, while the addition of PA restores ROS production [94] . One possibility is that ROS stimulates ABA synthesis, placing ROS upstream of ABA [90] . A second possibility is that an increase in ABA stimulates the production of ROS, particularly H 2 O 2 , which then works as an intermediate necessary for ABA's mode of action [94] . If ROS are triggered via ABA, this would place ROS downstream from ABA. In addition, there is a demonstrated relationship between ROS, ABA, and ethylene during drought stress [70] . If this is the case, IP 3 could be a lipid second messenger as well in this scenario. ABA regulates stomatal closure, which occurs upon activation of drought sensors in the outer plasma membrane. One key component in this mechanism is an initial increase in cytosolic Ca 2+ concentrations that occurs within minutes of ABA exposure in Arabidopsis [85] [86] . This rapid increase in Ca 2+ is preceded by an increase in IP 3 and is dependent on increased PLC activity [1] [94] . ABA could be the hormone that starts the IP 3 and DAG pathways since ABA induced PI turnover in guard cells [1] .
Alternate studies have named ethylene as the mediator of PLD synthesis, further confirming that there is more than one pathway. In glucose-starved carrots ethylene mediated a PLD catabolic pathway leading to PA production [1] . Other sources say that ethylene up regulates the PLDα gene [95] . These studies place PA downstream of ethylene, with PA still affected ROS production. A study by American Journal of Plant Sciences [96] has proposed the pathway for petiole abscission in detached Capsicum leaves, and has placed H 2 O 2 downstream of ethylene. Unfortunately, PLD, PA, and ABA were not included in this study. The Capsicum leaves were root-detached and hydrated and placed in an in vitro system to study stress-induced abscission in the abscission zone under various conditions. Firstly, similar to what has been observed in balsam fir during postharvest abscission, IAA was depleted, and the addition of IAA inhibited abscission. Low levels of IAA have been linked to greater ethylene sensitivity and more sensitivity to H 2 O 2 , thus mitigating stress [97] [98] [99] . Abscission was found to be induced by ethylene in Capsicum leaves, as we know happens in balsam fir postharvest. However, a continuous production of H 2 O 2 by AZ cells was also recorded under stressful conditions prior to abscission, and this was related to cellulase production, an enzyme known to be involved in cell wall breakdown in plants, including balsam fir postharvest [5] [16] . Abscission was inhibited by addition of catalase, a ROS scavenging enzyme, making a direct connection between ROS and abscission. Conflicting reports as to the role and identity of PLD and PA suggests multiple PLD and PA pathways and responses in plants. Plants have 12 genes controlling 12 different PLD species compared to animals that have only 2, so there should many more biochemical pathways involving these isomers in plants than animals [100] . The PLD isomers shown in Figure 5 show different pathways: one involving the ABA response, a second involving the ROS response, and a third involving nutrient sensing. If this is so, could there be some crosstalk between two pathways. Notice that in Figure 5 PLDα1 stimulates PA and then ABA. Further research about PLD shows that there is an increase in PLDα and, subsequently, PA prior to JA production as well. It is thought that PA begins MAPK, mitogen-activated protein kinase, signaling into the nucleus affecting gene expression of CYP94B1 which is involved in JA-Ile turnover and attenuation of JA responses [101] . JA is known to increase one hundred folds when a plant is under stress. JA is also thought to be involved in stomatal closure during drought stress. Recently, researchers have gone so far to say that a burst of JA is needed for production of ABA [80] . In postharvest balsam fir, JA has not been tested, but this phytohormone is associated with wounding, which occurs when the tree is cut. ABA increases after the initial wounding [6] [10] , but more research is needed in postharvest balsam fir to determine how quickly it accumulates and the relationship it has to JA. Figure 5 . Multiple pathways for carious PLD enzymes that occur during drought stress and other stresses in plants [103] . ABA: abscisic acid; PA: phosphatidic acid; PC: phosphatidylcholine; PE: phoshatidylethanolamine; PIP 2 : phosphatidylinositol bisphosphate; PLD: phospholipase D; ROS: reactive oxygen species.
Conclusion
In this review various reports and papers describing the roles of plant lipids as mitigators of stress and as signaling molecules have been reported. Studies increasingly indicate that FA and glycerolipids crosstalk with phytohormones, enzymes, Ca 2+ , and ROS to achieve responses to water deficits and other stresses that occur when a tree is detached from its roots, even when water is provided, as in the case of a Christmas tree. In addition, cellular membranes are also the target of damage leading to membrane leakage in most of these reports, and decrease in membrane integrity has been associated with senescence and abscission in postharvest balsam fir. The model proposed in this review highlights the potential role for lipids and FAs both upstream and downstream from increased ABA and ethylene evolution associated with abscission. Understanding the dynamics of change in lipids and fatty acids in the needle of balsam fir postharvest, the role of cold acclimation on the lipids and fatty acids, and to validate whether the clonal differences in the needle abscission resistance can be explained in terms of changes in lipid and fatty acids is necessary. Key steps in establishing the true role(s) of lipids in postharvest abscission will to identify whether changes in lipid composition occur prior to an increase in ethylene, whether application of ethylene inhibitors also negate certain changes in lipid composition, and to understand lipid profile differences between high and low NRD genotypes. Identification of signaling molecules has the potential to connect the stimulus perception at the cell membrane to intracellular actions and physiological responses to stress in balsam fir postharvest and allow us to build on this knowledge to develop new technologies to protect membranes and increase resistance
